Again, the evidence about the incidence of bacterial endocarditis is conflicting. I can say only that the incidence is 09 ± + o4 per cent per annum.
expectation since treatment should eliminate the risk of dying from bacterial endocarditis.
The expectation of life for those with larger defects has been calculatedfrom 25 deaths among 117 patients followed for 758 patient years. The mortality rate is high in the first two decades (2.2 and 2.9% per annum) and double the latter rate in the fourth and later decades.
Of those with larger defects, the calculated deaths are nearly 40 per cent during the first two decades and nearly 8o per cent at the end of thefourth decade. They are the onlyfindings that can be compared with the age at death of reported necropsies. The latter are about IO per cent worse at the end of each of the first four decades and have a mean age at death of 23 years compared with the calculated 27 years. Both these findings are worse than for the other cardiac malformations that have been discussed.
For all degrees of ventricular septal defect combined, the findings are of course better. Thus 27 per cent have died by 20years and x7 per cent are living with a closed defect. By 40years these percentages are 53 and 25, and by 6o years 69 and 25, the last figure being unchanged because normal mortality now balances the number closing. The mean age of all deaths, including those where the defect has closed, is 40 years. Only persistent ductus has a better outlook, though those with atrial septal defect fare better for the first three decades, and much better for two.
Again, the evidence about the incidence of bacterial endocarditis is conflicting. I can say only that the incidence is 09 ± + o4 per cent per annum.
During the past 4 years I have written about the natural history of persistent ductus, congenital aortic and pulmonary stenosis, coarctation of the aorta, and atrial septal defect (Campbell, i968a, b, i969, I970a, b) . My patients with ventricular septal defect had been followed less completely because they were not then being operated on at Guy's. I have, however, worked out the times the 75 patients of Brotmacher and Campbell (I958a, b) were under observation and calculated their mortality rates. I have also been able to do this for series reported by Sand0e (I963) and Bloomfield (I964) defects produced striking physical signs but no symptoms was a curious medical error. It was based on a few patients he had seen in life and his memory of a necropsy i8 years before on a boy. It was I2 years before there was necropsy proof of such a case that had been diagnosed in life by Dupre (I89I) , who suggested the unfortunate name maladie de Roger which took such a firm hold.
Roger had a lucky inspiration as regards defects of small size, but it is hard to understand what diagnosis was made of the larger defects that are more common. Most physicians accepted his view and taught it to their students. Even Brown (I939) in his great book devoted his whole chapter on ventricular septal defects to the maladie de Roger and congenital heart block. Cyanosis was hardly mentioned and he wrote, 'There are no symp-toms that can be attributed to this malady. Its characteristic feature is an absence of symptoms and marked physical signs' and, 'Normally it is quite compatible with a vigorous and active life'. Yet a few lines later he adds, 'The average age of death in Abbott's series was I4 years'.
Modern views began only with cardiac catheterization soon after the war, and the papers of Selzer (I949) and Wood (I950) .
Several workers, especially Cournand in New York, Dexter at Boston, and Bing at Baltimore showed that many patients with moderate or severe symptoms had large shunts through ventricular septal defects, often with important secondary effects on the pulmonary circulation.
Subjects with lesser degrees of obstruction or smaller openings obviously have a better outlook and generally less severe symptoms than those with greater degrees of the malformation. This is particularly true of ventricular septal defects with the wide range from small defects to those large enough to cause congestive heart failure in infants or pulmonary vascular disease (Eisenmenger's syndrome) in young people.
With obstructive malformations, children may become worse long before the heart begins to fail, because the stenosis becomes more severe owing to wear and tear caused by the circulation through it, and owing to its growing less than the normal parts of the body. I know no evidence to enable one to say that a gradient below a certain level will never increase and become important.
With ventricular septal defect, on the other hand, there is growing evidence that the size of the defect often becomes relatively or actually smaller as the child grows. The fact that so few patients with ventricular septal defects are seen after 40 and even fewer after 50 years of age was always difficult to understand. It could be because those with larger defects have died as a result of them, and those with smaller defects feel too well to consult a doctor. This can hardly be the whole explanation because so few elderly patients with small defects are seen with other illnesses. I can remember at least two elderly men in whom a ventricular septal defect followed cardiac infarction, but only one in whom it was congenital: he was in his 6o's and I knew it was congenital only because he had married a doctor who knew his systolic murmur and thrill had not changed since his early 20's when she first listened to it and was told that ,a diagnosis of ventricular septal defect had been made when he was a boy. Pulmonary pressures approaching systemic levels Forty-three patients had a PASP of 70 mm. or more, which was over 8o mm. in all but I0 and often at or near systemic levels. Again, most of these (39) were catheterized in the first and second decades (mean ages 6 to I2 years). Two were catheterized in the 3rd and 4th and 2 in the 4th and sth decades (mean ages 27 to 33 years, and 38 to 46 years).
About equal numbers showed little change (20) or distinct deterioration (I9). Most of them were followed only about 6 years from the middle of the first decade. Even so, nearly half showed rising pulmonary arterial pressures often up to systemic level. The arterial 02 saturation was often much lower, e.g. 94 to 69 and go to 67, though many falls were much less than this. However Hoffman and Rudolph (I965) followed 62 infants with ventricular septal defects, all catheterized when under i year, and 40 of them recatheterized from i to 5 years later. They were not trivial cases, for half of them had congestive heart failure during their first year. In spite of this the ventricular septal defect had closed in I5 (24%). In another I7 the defect had become smaller.
Campbell (I968c) brought forward indirect evidence that the closure of ventricular septal defects is of frequent occurrence, probably 30 per cent of all cases. He found a different distribution of various malformations of the heart at birth, in schoolchildren, and at clinics for children and adults. In several malformations, the exceptionally heavy mortality in the first year of life accounted for most, if not all, of the difference. With ventricular septal defect, however, it accounted only for part of the difference, leaving about 30 per cent unexplained.
Ventricular septal defect is far the commonest malformation at birth, 28 per cent of the total. Among schoolchildren it still forms nearly a quarter (24%), but in clinics for children and adults it falls to I7 per cent, the same as atrial septal defect and only a little more than persistent ductus.
Carlgren (i959) was one of the three groups of authors who had provided the main data for the incidence of different malformations at birth and their heavy mortality in the first year of life. He wrote that a majority of ventricular septal defects were clinically insignificant. He has continued his investigation for another I0 years and, in general, finds the same incidence of the different malformations with only slight reduction in the early mortality (Carlgren, I969) .
In this second paper, Carlgren expressed more decisive views about children with highpitched low-intensity murmurs round the fourth intercostal space -murmurs that tend 25o Maurice Campbell to disappear. He thought they had small ventricular septal defects and that the defect had closed within a few years when the murmur disappeared. This decision increased their incidence considerably from 3I to 42 per cent of all infants with cardiac malformations in I95I-60, subsequently followed and often fully investigated.
Of the I90 infants with ventricular septal defects, 83 had small defects that had closed; and 6i (58) Of these 24, 3 had died, I, 4, and i i years after they had been seen; 7 still had signs of a ventricular septal defect; but I4 (57%) had lost their murmur and thrill and the defect was assumed to have closed. The patients in both the living groups felt quite well and had often forgotten that their hearts had been said to be affected. Few of them were willing to come to hospital again, though they gladly co-operated when Bloomfield went to see and examine them at home or at work. Of the 7 patients (average age 40-6 years) located who still had a defect, only i attended her doctor and only 3 knew that they had a murmur. It is, therefore, easy to understand how these patients are often lost to follow-up. Bloomfield had employed the Salvation Army's Investigation Department to trace many of them as well as the more usual Register of Deaths. The Register showed that none of the I9 untraced patients had died in the United Kingdom, so probably their defects had closed in the same proportions as in the other 24.
Bloomfield (I964) divided the patients into I4 of his group i, 8 of group 2, and 2 of group 3. Both patients in group 3 had died and the third death in group 2 was from bacterial endocarditis. No other patient in groups I or 2 had lost ground and many had improved.
In I4 of the 24 patients the defect had closed (Table 3) . We do not know exactly when -between the ages of 4 and 35 in 8, between the ages of ii and 46 in 5, and after this age in I. There is no reason to think that large numbers closed in their sth or i2th years soon after visiting hospital.
The last man was discharged from the army with a systolic murmur and a large heart; he group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from attended the Heart Hospital with a systolic murmur and thrill and a prominent pulmonary artery when he was 46; yet when 69, he had less dyspnoea than in the past and his systolic murmur and thrill had disappeared. The defect, therefore, closed some time after 46 years of age. Table 3 shows that io of the 14 (7I%) patients with smaller defects had closed about 24 years later, and 4 of the I0 (40%) in group 2 with more signs of pulmonary plethora. No cyanotic patients were in this follow-up and probably none with a very high pulmonary arterial pressure. I have calculated the rate of closing as percentages per annum, and this is shown in the last column of Table 3 on two alternative assumptions.
Assuming all closures had taken place in the latter half of the period, I0 smaller defects had closed in 326 patient-years, a high rate of 3 per cent per annum. The 4 larger, but not very large, defects had closed in I74 patientyears, still a high rate of 2-3 per cent per annum. It seems more reasonable to assume that the times of closure were equally distributed throughout the 24 years of the followup. In this case the number of patient-years would be 239 and 136, respectively, and the closing rates would be 4-2 for the smaller and 3-0 per cent per annum for the somewhat larger defects. ,Some general considerations the remainder of this paper is concerned with calculating rates of closure and mortality for those who survive the hazards of the first year of life. A few papers that are important for the natural history but cannot be used for these calculations will be dealt with first.
The complicated changes in pulmonary blood flow and vascular resistance, normally and in those with septal defects or persistent ductus, have been ably discussed by Rudolph (I968, I970). Normally, the pulmonary vascular resistance drops to near normal adult levels within two weeks, but with large ventricular septal defects it falls more slowly over 6 to 9 months, and the thick-walled muscular vessels of the foetal type persist for longer. There is a significant fall in pulmonary vascular resistance in nearly all infants born at sea-level with a ventricular septal defect for several months after birth; but about I0 to 15 per cent of them show a subsequent rise from 9 to I8 months after birth. The increased pulmonary arterial pressure seems a more important cause than the increased flow. Thus, with atrial septal defects the rise is uncommon before 20 years of age and the histological changes are different.
Ritter et al. (I965) found 78 of their 273 patients had congestive heart failure within their first two years. Of those treated medically 27 per cent died, but of those where an attempt was made to close the defect surgically 46 per cent died. DuShane (I968) gives an excellent picture of its natural history in the early years from the surgical aspect. A pulmonary blood flow twice or more the systemic flow was, he thought, generally agreed reason for closing the defect; but there was no agreement about infants with intractable cardiac failure or older patients with a high pulmonary vascular resistance.
When vigorous medical treatment of the cardiac failure did not succeed, he thought the pulmonary artery should be banded, with a curative operation later -later, because in those under 7 years the operative mortality was 9 per cent, but after this it was only about 2 per cent.
Where the pulmonary vascular resistance was less than 0o45 of the systemic resistance, operation was generally successful; where it was more than this but less than 0o75 of the systemic, operation succeeded in about 70 per cent; but where it was more than 0o75 times the systemic, operation succeeded in under 30 per cent.
In a 5 tO I6 years follow-up of 65 patients with pulmonary vascular obstructive disease who had no operation, only 7 were lost sight of. Only 2 of the 35 under I9 years had died, but 9 of the 23 over I9 had died. Bloomfield (I964) found no clinical deterioration in this group, and the latter found all his patients in group i and half of those in his group 2 were unchanged or occasionally improved 8 to 12 years later. Most of these patients were in the first two decades but several were in the third, and one in the fifth.
Bloomfield (I964) related the ages and causes of death of i I5 patients of all ages with the age-standardized size of the defect (his Fig. 6 ). He concluded that smaller ventricular septal defects, less than i i mm. in diameter, never led to the pulmonary hypertensive complications that cause many deaths.
These patients are, of course, unduly prone to bacterial endocarditis. In the past this caused many deaths, but should not do so now. With aortic stenosis and with bicuspid aortic valves, bacterial endocarditis still leads to some deaths by producing gross aortic regurgitation before the infection is brought under control, but there is no similar risk with septal defects.
It was hard to accept this good prognosis when so few patients with small defects were seen in later life. Now we know it is because so many of them close spontaneously. There is good evidence that this is the only important change likely to occur in the first three decades, and I have assumed this continues in later decades, but here more evidence is desirable.
I have, therefore, calculated the numbers that have closed at the end of each decade, using a closing rate of 4-2 per cent per annum, and assuming their mortality is the same as that of normal subjects. Possibly this rate is too high for later decades but too low for the first decade. The latter would have a greater effect on increasing the numbers closed because of the larger numbers at risk then.
The first line of Table 4 shows that over half have closed by 20 years, 8o per cent by 40 years, and go per cent by 6o years. Calculations were made for each year but are shown only for the end of each decade. The second line shows the number still living with the defect closed and the third line the number still living with the defect open. The bottom line shows the normal mortality from Life Table No . ii of the Registrar General (I957), and this obviously affects the subjects equally whether their defect is open or closed.
Bacterial endocarditis was the only special risk for these patients and the figures in parentheses show what the findings would have been with all subjects who acquired this dying. Now that it can be cured, their mortality should be the same as for normal subjects. This is so low in the first four decades that the figures in the first two lines are almost the same till 40 years. Thereafter, as normal mortality increases, the number of deaths among those with a closed defect balances and finally overtakes the number of new closures.
The number still living with the defect open is only 12 per cent by 50 years and much less afterwards. Patients of this age are so rarely seen with signs of a defect that I believe the rate of closure used for my calculations may be too low. The figures in the last three lines of each column must of course add up to ioo.
Mortality rates and calculations of numbers dying among patients with larger defects In previous papers I have worked out the . patient-years for all those with the malformation under consideration. Here I started in the same way but decided to calculate separately the outlook for patients with small defects and normal pulmonary arterial pressures (Table 4 ). These and their patient-years must, therefore, be excluded in calculating morktality rates for the majority (68%) with larger ventricular septal defects that produce severe ,symptoms and a graver outlook.
There was so little information for the fifth and later decades that my mortality rates have been calculated for the first three decades separately and for the fourth and later decades together in Table 5 . The calculated mortality rate is high for the first decade, 2-2 per cent per annum, and rises steadily to 2X9, to 3X4, and tO 5X8 per cent per annum for the fourth and later decades.
These calculations are based on 25 deaths among II7 patients, 432 patient-years being from personal patients, I82 patient-years from Sand0e (I963), and i44 patient-years from Bloomfield (I964). It is not a large number considering the amount that has been written about ventricular septal defect in recent years, but follow-up studies with adequate data are less common than I would wish. The patient-years are, however, slightly more than those used for aortic coarctation (7I6) and atrial septal defect (663).
The calculated percentages still living and the percentages dead at the end of each decade are shown in the first two lines of Table 6 , excluding deaths in the first year. The percentages of deaths of normal subjects are shown in the third line. In the first four decades the deaths of patients with large defects are about 20 times as many as normally. They are still I0 times as many in the fifth decade. After this as the normal death rate rises the difference is not quite so much.
More than half the subjects have died by the age of 30, three-quarters by 40, and nearly go per cent by the age of 50 years. Only II per cent are living at 50 and I believe the numbers shown as living at 60 and 70 are too large, which means that some of my mortality rates are too low. The mean age at death is only 27 years. Those with the larger ventricular septal defects have a worse outlook than the whole range of those with other common cardiac malformations.
Age at death in reported necropsies
In recent papers I have been able to compare my calculated cumulative mortality with the mortality shown by reported necropsies and have been pleased with the relatively close agreement. Here, as with persistent ductus, the comparison is invalid because of the patients where the opening has closed spontaneously.
The ages at death of 136 patients with reported necropsies who survived their first year are shown in Table 7 . Their mean age at death was 23 years. Obviously those where defects had closed were not included. Even so, 28 per cent had died in the first decade compared with the calculated i8 per cent of my Table 6 . This difference is maintained for four decades, Table 6 have been combined with those having small defects ( 
